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Introduction
Evidence of lymphatic spread is one of the most important prognostic factors for patients with head and neck squamous cell carcinoma (HNSCC) because overall survival can be reduced by more than 50 % given the presence of lymph node metastases, independently of primary tumor size [1] [2] . The lymphatic system therefore plays a major role as a route of circulation and dissemination, enabling cancer cells to circulate and metastasize into potentially more than 400 lymph nodes in the cervical region [3] . The invasion of cancer cells from the primary tumor into the surrounding tissue is a critical step that requires increased cell mobility.
Moreover, to invade the lymphatic vessels, tumor cells typically must acquire the ability to degrade the extracellular matrix (ECM), survive in lymphatic circulation, extravasate out of vessels, settle and undergo sustained growth in lymph nodes [4] . Until now, the details of the processes of lymphatic metastasis remained poorly understood, and due to the relative lack of efficient and objective methods, research on lymphatic metastases lags far behind that on hematogenous dissemination. Recently, multiphoton laser scanning microscopy (MPM) has provided insight into the mechanisms of hematogenous metastastic behavior of diverse entities such as breast or brain cancer [5] . MPM uses longer wavelengths enabling a deeper penetration into tissue up to hundreds of µm, depending on the organ and model. This 
Results and Discussion
The metastasis of head and neck cancer is linked to tumor invasion via the lymphatics and represents a major unsolved challenge in therapeutic management because it tightly correlates with a high risk for reduced long-term survival [2] . Despite the clinical importance of lymphatic metastases in head and neck cancer, details of the processes and the underlying molecular mechanisms remain poorly understood. Previous studies have been conducted in vitro and in vivo to experimentally explore lymphangiogenesis using lymphatic endothelial cells and tumor cells in invasion assays [12] [13] . However, animal models are especially unique in their ability to recapitulate the in vivo situation, including the tumor microenvironment. Mouse models of oral cancer have been developed to facilitate the study of factors that impact invasion and serve as a model for anti-tumor therapy [14] . In these systems, visualization of disseminated tumor cells has been conducted primarily ex vivo [15] by conventional histology [14] or with in vivo bioluminescent methods [16] . A primary drawback of these methods is the inherent inability to accurately visualize and quantify early tumor cell invasion arising from the primary site in three dimensions, in a physiological setting and at the single cell level. In recent years, MPM has been established and has been shown to have several technical advantages over conventional single-photon techniques [17] .
Compared to single-photon confocal microscopy, MPM allows for deeper penetration into tissue; avoids a pinhole aperture for confocality, resulting in greater efficiency of fluorescent light; reduces bleaching of the fluorophores; and visualizes the ECM by second harmonic scattering [18] . MPM has been used in several studies for in vivo investigations of the tumor growth and metastastic behavior of glioblastoma [5] , breast cancer [19] and other entities [20] . For head and neck cancer, an orthotopic tongue carcinoma ex vivo mouse model was recently published [15] ; however, in vivo animal models are still missing. This absence may be explained by the fact that, compared to other entities, orthotopic head and neck tumors are difficult to access with MPM because immobilization of the soft tissue is almost impossible due to the inherent movements associated with the breath and heartbeat. However, heterotopic in vivo models have also not been published.
Therefore, the major aim of the present study was to establish and technically describe a Injection of OSC-19 cells, a human oral cancer cell line, into the tongue causes reliable tumor growth and metastasis formation [21] . Therefore, we transduced OSC-19 cells with tRFP ( Figure 1) . In an initial set of in vitro experiments, the proliferation and migration capacity of transfected OSC-19 cells was assessed using a scratch wound healing assay. After scratching a confluent layer of OSC-19 cells, the velocity of wound closure was addressed over time.
OSC-19 cells were determined to be highly motile, and the mean migration velocity was 25.7 µm/h (SD 7.88, n=32). Figure 2 shows a scratch wound healing assay demonstrating that a scratch of a 1 ml pipette tip was nearly closed after 12 hours (Figure 2) . Thus, transfected OSC-19 cells were comparable to the wild type and considered to be appropriate for MPM investigations. In the first in vivo experiment, we investigated the possibility of visualizing the lymphatic system in the pinna of control mice. After immobilization of the pinna by surgical clips (Figure 3) , anti-mouse Lyve-1 antibodies were injected subcutaneously. For comparison, we visualized the blood vessels by intravenous administration of FITC-dextran.
We indeed could detect lymphatic vessels together with blood capillaries and the ECM, with the latter detected by SHG (Figure 4; n=3) . In our model, the ECM can be visualized by SHG as a dense network with a maximum depth of 60 µm below the epidermis. First, it is commonly used as a reference point. When looking at migrating single cells, visualizing the ECM allows retracking of the imaged areas over time [22] [23] . Additionally, it serves as a reference point when examining the extra-or intravasation of cells [24] . Secondly, the ECM itself might be of interest when investigating mechanisms of invasion by tumor cells. For example, Wolf et al. showed that the degradation of ECM is not always necessary for tumor cells to invade, but tumor cells can switch from a mesenchymal mode of migration to an amoeboid mode, leaving collagen intact and squeezing through gaps between collagen fibers [25] [26] . We did not observe any collagen fluorescence with our excitation wavelength of 1140 nm. This is in accordance with the literature showing that two-photon excitation fluorescence of collagen is limited to excitation wavelengths shorter than 800 nm [27] .
The maximum imaging depth we obtained was ~110 µm from the outermost surface. This value depends on the amount of scattering by the hair and epidermis. High quality imaging was usually possible up to an imaging depth of ~80 µm. This is in line with the literature. Ng et al. describe similar penetration depths when studying dermal dendritic cells in the mouse pinna [28] .
In the second in vivo experiment, OSC-19 cells transduced with tRFP were injected subcutaneously into the pinna of mice (n=4). Tumor growth was observed over seven days.
Macroscopic tumor growth was visible after a mean duration of 5 ± 2 days after implantation in all four mice. Tumors appeared as flat round indurations up to a maximum of 4 mm in diameter at day seven (Figure 5 and Figure 6 ).
Subcutaneous injection of Lyve-1 antibody in mice with tRFP OSC-19 tumors allowed the in vivo covisualization of transfected cells next to the lymphatic vasculature by MPM (Figure 7 and Figure 8) .
At present, the combination of the immobilized pinna with tumor growth of a highly motile cell line allows for physiological visualization of peritumoral cell dissemination and lymphatic vasculature without any further surgical manipulation. In the future, this model might be able to give further insights in cell migration and surface molecules involved in early lymphatic metastasis. 
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